Time-resolved fluoroimmunoassays that make use of lanthanide chelates as labels require the addition of an enhancement solution to elicit the formation of a fluorescent lanthanide complex. All solutions previously described are based on 2-naphthoyltrifluoroacetone (NTA), a f3-diketone. Currently, this compound is not commercially available. We report here the properties and performance of an enhancement solution prepared with a commercially available /3-diketone, thenoyltrifluoroacetone. Use of this solution in a commercial time-resolved fluoroimmunoassay gave results essentially identical to those obtained with the NTA-based solution, although fluorescence emission was approximately 27% lower. The lower fluorescence yield did not, however, significantly reduce assay sensitivity. We conclude that this solution represents a viable and highly economical alternative to the preparation currently in use, particularly for laboratories wishing to develop their own assays based on lanthanide fluorescence.
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Immunoassay techniques involving nonisotopic labels are now commonly used in routine clinical chemistry. One of the most promising new techniques in this field is time-resolved fluoroimmunoassay, developed principally by LKB, Wallac Oy, Turku 10, Finland, and marketed under the trade name DELFIA (dissociation-enhanced lanthanide fluoroimmunoas-
say) (1-4).
Based on the use of europium-labeled antibodies, the assay method requires that an acidic enhancement solution be added at the end of the immunoreaction so that the fluorescence of the europium ion can be detected. The enhancement solution contains two organic reagents, which form a highly fluorescent complex with the lanthanide ion. One of these is a f3-diketone, which acts as an energy donor; the other is a Lewis base, or "synergistic agent," which helps to insulate the complex from quenching by water molecules (5). The high quantum yield, large Stokes shift, and extremely long fluorescence lifetime of the complex nearly eliminates any losses in sensitivity caused by fluorescence background and scatter (6, 7).
All assays of the DELFIA type yet described have used enhancement solutions based on the cocktail developed by LKB, the composition of which has already been described (1, 8 some laboratories wishing to develop their own in-house assay. We have investigated the use of some alternative /3-diketones that are readily available, and report here the composition and properties of an enhancement solution based on one of these, thenoyltrifluoroacetone (TI'A).
Materials and Methods

Reagents
T'FA and benzoyltrifluoroacetone (BTA) were from Sigma Chemical Co., St. Louis, MO. Tri-n-octylphosphine oxide (TOPO) was from E. Merck, Darmstadt, F.R.G., and Triton X-100 surfactant from Packard Instrument Co., Downers Grove, IL. Stock solutions of europium nitrate or chloride were prepared by dissolving europium oxide (Aldrich Chemical Co., Milwaukee, WI) in concentrated nitric or hydrochloric acid, followed by the removal of excess acid by lyophilization. Glass-distilled water used in the preparation of the enhancement solutions was further purified by passage through a Waters 1 purification unit (Gelman Sciences, Sydney, Australia). Glassware was washed with dilute HC1, then with 10 mmol/L EDTA solution, then several times with Waters 1 purified water. 
Experimental Procedures
Our initial experiments involved the investigation of two commercially available /3-diketones, TTA and BTA. However, it was soon apparent that solutions based on TTA gave a more intense fluorescence emission than those based on BTA, and we omitted the latter from further investigations. Because TI'A and TOPO (the synergistic agent) are insoluble in aqueous buffers whether detergent is present or not, we investigated the use of various organic solvents to facilitate the solubility of these compounds, examining a range of solvent concentrations.
Ethanol or tetrahydrofuran were the most suitable of those tested, in terms of solubility and fluorescence yield. We chose the former on the basis of cost and used it at a final concentration of 1 to 5 mLIL. To prepare the enhancement solutions described here, we dissolved appropriate concentrations of'lTA and TOPO in a suitable volume of ethanol and added this mixture, with stirring, to the buffered detergent solution. The cloudiness sometimes seen on addition of the reagents disappeared after a few seconds. Several experiments were carried out to determine the effects of pH on the rate of formation and intensity of fluorescence of the cocktail. Sodium acetate buffer (0.1 mol/L) was adjusted to the desired pH with glacial acetic acid and (if necessary) hydrochloric acid, before the ethanolic T'FA-TOPO solution was added. All pH measurements were done at room temperature. Where time-course studies were undertaken over periods of several hours, we checked the calibration of the spectrofluorometer before each set of measurements, using a rifampicin reference standard.
Several experiments were conducted to optimize the concentrations of the various components of the cocktail. In these experiments TFA and TOPO, in various concentrations in ethanol, were added separately, but the final concentration of ethanol was kept constant. We also tried several detergents at different concentrations, but 2 mL of Triton X-100 per liter (final concentration) proved the most satisfactory (results not shown). We examined the effects of storage on the fluorescence properties of the solution. Fluorescence measurements, obtained by use of a europium standard curve, with freshly prepared cocktail, were compared with measurements made with a preparation of the the cocktail that had been stored for six months in an amber bottle at room temperature. 
Results and Discussion
The enhancement solution described by Hemnula et al. The TFA-TOPO "cocktail" exhibits maximum fluorescence at about pH 4.5, as shown in Figure 2 . However, at pH values exceeding 3.6, in the presence of high-aflinity chelating agents such as EDTA or DTPA, the fluorescent complex forms too slowly to be of practical use (Figure 3) . Under these conditions, fluorescence intensity continues to increase significantly for some 4 to 5 h after the addition of the europium chelate. As Figure 4 shows, at pH 2. 8 emission is effectively stable after only 3 to 4 miii. However, maximal fluorescence intensity is considerably less at pH 2.4 than at the higher pH values. In defining the conditions required for a practical assay, therefore, a compromise must be made between the need for a rapid step for the development of final fluorescence and the decrease in fluorescence intensity seen at lower pH. Although assays developed with use of an enhancement solution buffered at pH 2.6 or less can be measured and processed almost immediately after the enhancement solution is added, fluorescence emission does not appear to be stable for more than a few hours, and it deteriorates markedly after one day (results not shown). At pH 3.2, however, although fluorescence intensities continue to increase slightly for many hours, this has little effect on assay results, because the time required for counting and processing a complete assay is only a few minutes. Moreover, at this pH the fluorescence is comparatively stable, and an assay can be safely re-counted after a considerable period of time (>24 h) without significantly affecting the results. Hence, for immunoassay we buffered the enhancement solution at pH 3.2 and measured fluorescence at least 15 mm after the enhancement solution was added.
As shown in Figure 5 , the enhancement solution was stable for at least six months when stored at room temperatare and protected from direct sunlight. The acidic nature of the solution inhibits bacterial or fungal growth. Figure 6 shows standard curves from two DELFIA assays of choriogonadotropin, performed in parallel and measured with use of either the LKB (NTA-based) or our in-house (VFA-based) enhancement solution. Although fluorescence intensities are somewhat higher with the commercially supplied product, the curves have essentially identical slopes. Also, the in-house enhancement solution has a slightly higher blank value than the LKB solution. Presumably this is due to trace quantities of europium in the water, which we estimate to be about 2 pmolIL, approximately threefold greater than in the commercial product. In practice, however, this amount of fluorescence background is not large and presents no problem, because the blank value is subtracted from all other readings during subsequent calculations.
Results Figure 7 . The two setsof results correlate well, and assay sensitivity is the same for the two methods. Similar findings have also been obtained in our laboratory for the DELFIA choriogonadotropin kit.
Measurements with use of europium standards indicate that fluorescence intensity is decreased by about 25% to 30% when the TFA-based cocktail is used (Table 1) In conclusion: we have developed a fluorescence enhancement solution, based on readily available reagents, that is suitable for both commercial and in-house DELFIA-type assays. The solution yields assay results identical to those obtained by using the product supplied by LKB, although with a somewhat lower fluorescence yield. At current prices the cost of the in-house enhancement solution is less than $0.5 US per liter, a volume sufficient for 5000 samples. 
